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Abstract The goal of this work was to compare repro-
ducibility of phaseolin patterns of common bean obtained
by two electrophoretic protein separation techniques
including the conventional SDS-PAGE and an automated
chip electrophoresis system. Five standard cultivars of
common bean provided by the United States Department
of Agriculture (Beltsville, Maryland) that represented
five phaseolin types, T (Tendergreen), C (Contender) and
S (Sanilac), B (Boyaca) and P (Pampa), were used in this
study. Comparison of the phaseolin patterns revealed that
the chip-on-a-lab electrophoresis provided a good repro-
ducibility. The phaseolin polymorphism included four to
seven polypeptides typical for the pattern composition of
the T, C and S types. The polymorphism of the B and P
patterns was also established. Phaseolin polypeptides sep-
arated by the microchip electrophoresis exhibited differ-
ences with respect to the molecular weights and
electrophoretic mobility as compared to the SDS-PAGE
technique. This phenomenon could be attributed to the
absence of a solid separation phase in the microchip elec-
trophoresis. Moreover, this technique has potential to
substantially accelerate screening of large bean germplasm
collections since it allows for the accurate analysis of the
higher number of individual plants within accessions than
the conventional, tedious and time consuming SDS-PAGE
method.
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Introduction
Common bean (Phaseolus vulgaris L.) is an important
staple food providing protein, fiber, minerals and vitamins
[1]. Recently, this crop has also gained increasing attention
as functional food [2]. The distinct geographical distribu-
tion of beans wild relatives raise the questions of where
common bean domestication occurred and what is the gene
pool origin of modern crop cultivars. According to [3],
beans were probably domesticated in Mexico from where
they were subsequently disseminated across the Latin
America. Later, [4] established the existence of two major
crop gene pools, the Mesoamerican and the Andean, and
one or two smaller gene pools in the northern Andean. Two
major gene pools are commonly distinguished with the use
of morphological and biochemical markers [5]. These
pools can be detected at different ratios in modern crop
cultivars, depending on their place of origin. Employing
the 1D-SDS-PAGE and 2D-IEF-SDS-PAGE techniques [6]
revealed the existence of three phaseolin types associated
with ‘‘Sanilac’’, ‘‘Tendergreen’’ and ‘‘Contender’’ culti-
vars, later named the S, T and C types, respectively. More
recently, the H and A phaseolin types have been identified
in wild and cultivated forms, associated with the Peruvian
landraces ‘‘Huevo de Huanchaco’’ and ‘‘Ayachucho’’ [7],
and the B type occurring among the Mesoamerican land-
races [8]. Later, the H and B types have been linked to
Pampa and Boyaca cultivars [9].
A relationship between the phaseolin type, seed type and
the geographical origin has been established. Cultivars with
the T, C, H, and A phaseolin patterns had larger seeds than
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cultivars with the S and B types [8, 10]. Cultivars with
small seeds and the S and B phaseolin types are of Mes-
oamerican origin, while the cultivars with large seeds and
the T, C, H or A types originated from the Andes. The S
and T types prevail in the Central America and the Andean
South America, respectively, while the C type appears to
be an intermediary type resulting from crosses of the major
types [8]. Phaseolin analysis is commonly used to deter-
mine the geographical origin [11] and the structure and
variability of common bean gene pools [12]. Therefore,
polymorphism of the phaseolin patterns has been used to
determine the phytogeographical origin of bean cultivars
[9, 13]. It was also successfully applied for characterization
of genetic resources and used as a marker in the selection
of plant materials [14] and breeding [12, 15].
Phaseolin is a glycoprotein [16] that remains the major
fraction of seed storage protein. It represents main seed
quality trait [17], coded by a single complex loci composed
of 6–9 genes [18, 19] expressed for different polypeptide
subunits [6, 20]. The observed polymorphism of phaseolins
is the result of micro-heterogeneity of their subunits [21]
determined by a relation between the homology (60 %) of
amino acid sequences [22], the presence of a structural
domain contributing to an eighth of the subunits size [23]
and different levels of protein glycosylation and amino acid
substitutions [24]. The phenotype of phaseolin molecular
weight and isoelectric changes resulting from genotypic
divergence are useful tools to analyze evolutionary rela-
tionships among the phaseolin types and cultivars [9]. [15,
20, 25] analyzed phaseolin patterns using the SDS-PAGE.
They identified three polypeptides with molecular weights
of 54–50.5, 47 and 43 kD. Using the same technique, [16]
identified four polypeptides ranging from 54.0 to 43.0 kD,
and [6] provided a full description of the S, T and C
phaseolin types. Based on the molecular weights and
apparent fractions, genetic control of six polypeptides were
found in Sanilac, four in Tendergreen and seven in
Contender.
The polyacrylamide gel electrophoresis in the presence
of sodium dodecyl sulphate (SDS-PAGE) is a traditional
method for screening of protein polymorphism and deter-
mination of the phaseolin pattern. However, it is a slow,
cumbersome and not quantitative procedure. The micro-
fluidic chip technology based on the capillary electropho-
resis that allows an automatic and immediate quantitative
interpretation offers new opportunities for a quick protein
analysis in a great number of samples [26]. However, to
apply the chip-on-a-lab electrophoresis to the phaseolin
analyses it is necessary to demonstrate its reproducibility,
as well as to establish an association with standard patterns
of the SDS-PAGE electrophoresis.
The purpose of this study was to compare the microchip
electrophoresis with the SDS-PAGE technique in the
analysis of phaseolin pattern using standard cultivars for S,
T, C, B and H phaseolin types and validate the results
obtained by the new electrophoresis technique.
Materials and Methods
Five standard bean cultivars provided by the USDA
(Beltsville, Maryland) genebank were used to obtain
phaseolin patterns of the S, T, C, B and H types. Phaseolins
were extracted individually from ten seeds per cultivar.
Cotyledons without teguments and embryos have been
reduced to flour, and each flour sample was used for
phaseolin extraction. Protein extraction was performed
according to [15, 27], with modifications, using 0.2 g of
dried bean flour per sample and 1 mL of extraction solution
composed of 0.25 M ascorbic acid, pH 2.4 and 0.5 M
NaCl. Protein content in the extract was determined using
the Bradford method [28], before the samples preparation
for electrophoresis analysis. The samples for SDS-PAGE
and the chip electrophoresis were prepared by mixing equal
volumes (500 lL) of protein extract and denaturing solu-
tion with 0.625 M Tris-HCl, pH 6.8; 2 mM ethylenedia-
mine tetraacetic acid (EDTA), 2 % (w/v) SDS, 40 % (w/v)
sucrose and 1 % (v/v) 2-mercaptoethanol. The resulting
mixture was heated to 100 C for 5 min and centrifuged at
13,000 rpm for 15 min. The electrophoresis was carried
out in 15 % polyacrylamide gels, prepared with PlusOne
Acrylamide PAGE, 40 %, from GE Healthcare, ref.
17-1303-01, according to [29] with modifications [30].
Protein fractions were separated in a vertical gel in the
electrophoretic system Hoefer SE 600. To obtain an
accurate and reproducible phaseolin pattern, 10.8 lg of
protein per sample were used. The polypeptide weights
were determined by their relative electrophoretic mobility
in relation to molecular markers provided by Amersham
Low Molecular Weight Calibration Kit for SDS Electro-
phoresis, ref. 17-0446-01. After protein separation, the gels
were fixed in a solution with methanol (40 %) and acid
acetic (10 %) and stained in Coomassie solution with
0.1 % Brillant Blue R, 40 % methanol and 10 % acetic
acid.
The same samples with an equivalent amount of protein
were analysed using the chip-on-a-lab technique. Protein
extracts for the electrophoretic separation were prepared
using the Experion Pro260 analysis kit. The Experion
automated electrophoresis system, Caliper Life Sciences,
Inc. and Bio-Rad Laboratories are capable of combining
the microfluidic separation technology with the sensitive
fluorescent detection of proteins, automatically performing
the separation, staining, discoloration and imaging of ten
individual samples, with band detection and data analysis
in 30 min. The Experion automatically displayed the
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electrophoretic results in a form of an elution profile (peak)
and a virtual gel (simulated views).
SDS-PAGE stained gels were scanned with the Image
Scanner from Amersham Biosciences, model PowerLook
1120 USG, series 01145582. The electrophoregram profiles
were analyzed for determination of phaseolin molecular
weight using the Fingerprinting II InformatixTM Software,
version 3.0 (BioRad).
The molecular weights of phaseolin bands were deter-
mined by the Experion or fingerprinting software as loga-
rithmic dependence of marker molecular weight to relative
electrophoretic mobility, and expressed in kD. The bands
mean values and the experimental deviation were calcu-
lated using the values obtained for ten individual seeds.
The electrophoretic profiles represent ten individual seed
samples. Phaseolin profile for each individual sample was
repeated at least three times, and checked for the repro-
ducibility and accuracy.
Results and Discussion
Seeds of standard cultivars—Boyaca, Sanilac, Tender-
green, Contender, Pampa—used in this study represent five
known phaseolin types, namely the B, S, T, C and H types,
associated with the centers of crop domestication [6, 8, 19].
Phaseolins subjected to the electrophoretic analyses were
obtained through a selective extraction according to [15,
27]. A comparison of the individual patterns of 10 seeds
per cultivar obtained by two electrophoretic techniques
revealed a high level of consistency of their composition.
The regression analysis of the weight variation of indi-
vidual polypeptides between the SDS-PAGE and the Ex-
perion produced values of r of 0.854 for Boyaca, 0.852 for
Sanilac, 0.947 for Contender, 0.853 for Tendergreen and
0.968 for Pampa. The variation in the polypeptides
molecular weights was used to establish their mean values,
standard deviation and to analyze accuracy of the method.
The electrophoretic results, including composition, number
and molecular weight of polypeptides in the phaseolin
patterns calculated with assistance of the Experion and
Fingerprinting software, as well as the phaseolin type
classified according to [6, 9] are summarized (Table 1).
The representative electrophoregrams for each standard
cultivar obtained by both the microchip and the SDS-
PAGE techniques are presented in Fig. 1. In general, the
microchip electrophoresis generated phaseolin patterns
(Fig. 1a) are similar to those obtained by the SDS-PAGE
(Fig. 1b). However, some differences in their composition,
polypeptide electrophoretic mobility and weight were dis-
tinguished. The individual phaseolin polypeptides detected
by the microchip electrophoresis were validated by the
elution profiles and peak areas generated by the Experion
software (Fig. 2). The polypeptides of the phaseolin pattern
obtained through SDS-PAGE were captured and their
molecular weights were determined by the Fingerprinting
II InformatixTM Software (Bio-Rad), using a normalized
reference system for calculation of molecular weight in the
electrophoresis separations. The reproducibility of micro-
chip electrophoresis was tested by the statistical compari-
son of five independent runs for each phaseolin type and
through the separation of the same samples in different
positions of the microchip (Fig. 3). The statistical com-
parison was based on a combination of peak height and the
apparent molecular weights of polypeptides and showed a
relative standard deviation less than 2 % (data not shown).
We found that Sanilac and Boyaca exhibited the highest
polymorphism, with six and five polypeptides in the
phaseolin pattern, respectively. The Andean types—Tend-
ergreen, Contender and Pampa—show four bands in the
SDS-PAGE, whereas the microchip electrophoresis detec-
ted six (Tendergreen) and five (Contender) polypeptides in
the phaseolin pattern. The phaseolin patterns of SDS-
PAGE (Fig. 1b; Table 1) exhibit slight discrepancies in the
number and molecular weights of phaseolin subunits, when
compared with the early quantitative results. We detected
between four and six phaseolin subunits for different cul-
tivars, which is majorly in accord with [6] findings for the
S, C and T types. However, [15, 20, 25] detected only three
and [16] four phaseolin subunits using the SDS-PAGE. Our
preparations of protein from the seeds of Sanilac have
revealed six phaseolin subunits ranging from 47.7 to
42.6 kD, similarly to [6] who also reported six subunits
ranging from 49 to 45 kD. Tendergreen had four subunits
ranging from 50.9 to 42.1 kD, which corresponds to four
subunits of 51–45.5 kD reported by [6]. However, we
found four subunits ranging from 50.9 to 43.5 kD in
Contender, while [6] identified seven subunits (51–45 kD)
in this cultivar. The number of subunits detected for
Boyaca was 5, ranging from 49.6 to 41.8 kD and for Pampa
4 subunits, ranging from 50.9 to 41.2 kD. [6] do not pro-
vide data for the phaseolin pattern of these types. One can
conclude that our results on SDS-PAGE phaseolin pattern
fit and satisfactorily reproduced previously published data
on the phaseolin polymorphism. Minor inconsistencies
could be attributed to the polypeptide modifications intro-
duced by mutations [24] or to the differences in experi-
mental conditions, such as reagents, quantity of protein
used in extraction, gel concentration and the 1D-SDS-
PAGE accuracy or sensibility of the fingerprinting software
used to acquire bands’ presence and calculate their
molecular weights.
The results of the microchip capillary electrophoresis
are not strictly corresponding to the outcomes of the SDS-
PAGE electrophoresis with respect to the number and
molecular size of the extracted polypeptides (Table 1;
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Figs. 1, 2). An average variation of polypeptide molecular
weight ranging from 16.29 to 0.14 kD was observed
(Table 1). In addition, we detected three additional
phaseolin subunits including two in the Tendergreen, and
one in the Contender phaseolin pattern, making the first
pattern more polymorphic, while the latter more
Table 1 Comparison of
phaseolin type and molecular
weights (kD) on the SDS-PAGE
and chip electrophoresis
patterns for Boyaca, Sanilac,
Contender, Tendergreen and
Pampa
Samples Phaseolin type SDS-PAGE (kD) Microchip
electrophoresis (kD)
Variation (kD) Variation (%)
Boyaca B 49.61 ± 0.44 63.41 ± 0.84 13.80 27.8
44.85 ± 0.44 61.14 ± 0.80 16.29 36.3
43.32 ± 0.41 53.14 ± 0.72 9.82 22.0
42.94 ± 1.94 49.88 ± 0.60 6.94 16.2
41.81 ± 0.35 42.29 ± 1.75 0.48 0.5
Sanilac S 47.74 ± 0.18 63.3 ± 1.42 15.56 32.6
47.00 ± 0.15 60.64 ± 1.27 13.64 29.0
45.63 ± 0.17 52.51 ± 1.03 6.88 15.1
44.56 ± 0.18 49.62 ± 0.86 5.06 11.4
43.79 ± 1.51 45.7 ± 2.79 1.91 4.4
42.55 ± 0.18 42.69 ± 3.15 0.14 0.3
Contender C 50.92 ± 0.29 65.60 ± 1.11 14.68 28.8
49.10 ± 0.26 60.57 ± 0.97 11.47 22.9
48.03 ± 0.24 56.09 ± 0.84 8.06 16.8
43.59 ± 0.22 50.19 ± 0.66 6.60 15.1
– 40.97 ± 1.59 – –
Tendergreen T 50.93 ± 0.38 64.58 ± 0.90 5.65 26.8
48.27 ± 0.30 59.53 ± 0.85 11.26 23.3
46.11 ± 0.31 55.14 ± 0.72 9.03 19.6
42.10 ± 0.21 49.62 ± 0.60 7.52 17.9
– 44.54 ± 0.89 – –
– 41.10 ± 1.42 – –
Pampa H 50.93 ± 0.30 60.50 ± 0.53 9.57 18.8
49.08 ± 0.32 52.66 ± 0.32 3.58 7.3
43.26 ± 1.60 49.55 ± 0.32 6.29 14.5
41.19 ± 0.26 41.72 ± 3.07 0.53 1.3
Fig. 1 Phaseolin pattern of
standard varieties of common
bean: a chip electrophoresis,
b SDS-PAGE. Lines: Ladder
(L), Boyaca (1), Contender (2),
Pampa (3), Sanilac (4),
Tendergreen (5)
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resembling the polymorphism described [6] for the T and
C types. These discrepancies may be due to different
conditions of protein separation in the microchip electro-
phoresis, when compared to the SDS-PAGE. The solid
separation phase, e.a. polyacrylamide gel could create an
additional sieve effect that limits free migration of the
protein in a combination with the effects of gel pore
resistance and molecular size and shape [31]. Conversely,
the microchip electrophoresis does not involve solid sep-
aration phase, hence, the polypeptides mobility depends
on molecule sizes and presumably on the compounding
effects of protein conformation and shape, together with
differences in the specific interaction of proteins with the
capillary channels [26, 32]. These interactions are condi-
tioned by the effects of sieving polymeric solution of the
dye-labeled phaseolin-SDS complexes, which are reduced
by the SDS dilution below its critical micelle concentra-
tion before protein detection [33]. The detection of addi-
tional phaseolin bands results from the higher sensitivity
of the microchip technology, which can detect as low as
10 ng of protein per band [34], because of the strongly
reduction of background due to molecules bound to SDS
micelles [33]. Similar variation in molecular weights of
high-molecular-weight glutenin subunits has been previ-
ously reported by [32] who argued that the microchip
electrophoresis provides a good pattern reproducibility in
the screening of wheat glutenins. The ability of this
method to distinguish rice [35] and wheat varieties [26,
36] has already been reported. Our data confirmed
reproducibility of the phaseolin pattern for common bean
Fig. 2 Elution profiles of phaseolin from seeds of standard cultivars of common bean, chip electrophoresis: Boyaca (1), Contender (2), Pampa
(3), Sanilac (4), Tendergreen (5)
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using the microchip technique. Therefore, the microchip
electrophoresis could be recommended for screening of a
large number of accessions in bean collections in relation
to the possible geographical origin of their gene pools.
Conclusions
The results obtained by the two techniques were charac-
terized by good comparability. The analysis of molecular
weights using the microchip electrophoresis seems to be a
very reliable technology for establishing the phaseolin
patterns of bean accessions that could be used in the phy-
togeographical or biodiversity studies. At the same time,
the microchip electrophoresis is more accurate and permits
detection of protein bands with protein content and perform
their immediate quantification avoiding limitations of the
SDS-PAGE electrophoresis. The greatest advantage of the
commercial Experion Pro260 analysis kit and the Experion
automated electrophoresis system is the automatic inter-
pretation of the results, which saves time and labor and
avoids exposure to harmful chemicals required for the
SDS-PAGE.
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